Abstract. RF-based localization has gained popularity because it offers low-cost positioning solution for ad-hoc networks. The Received Signal Strength (RSS) measured by a node has traditionally been used as a parameter to estimate location. However, RSS is not made readily available in the ad-hoc routing protocols like some other link quality indication parameter, e.g., Expected Transmission Count (ETX). ETX predicts the number of transmissions required to deliver a packet over a particular link, including retransmissions. We reveal that ETX can be shown as a proximity indicator relative to an anchor node (i.e., node with known position), and thereby, could also be utilized as a location estimation parameter similar to RSS. We implement a localization plugin for the popular ad-hoc routing protocol, Optimized Link State Routing (OLSR) based on ETX. Our analysis and experiments show favorable results.
Introduction
Ad-hoc network is generally characterized by a large number of unattended inexpensive nodes with varying capabilities devoid of any fixed infrastructure [1] . The mass production of cheap and low power sensors is making ad-hoc networks more ubiquitous where the sensors are used in health-care, habitat monitoring, inventory tracking, battle field surveillance, disaster management and forecasting, etc [2] . Many of these applications require the knowledge of the positions of the nodes.
Radio positioning techniques support virtually any wireless device, integrate well with existing data networks, and operate both outdoors and indoors. The Received Signal Strength (RSS) perceived by the transceiver has traditionally been utilized in calculating the position of such wireless device. The RSS measurements between a node and the anchors (i.e., nodes with known locations) are generally converted into range (i.e., distance) estimates using either empirical or existing RF propagation models [3] , and multi-lateration algorithms are applied. This approach of localization is called range-based. On the other hand, a rangefree scheme may discard the quantitative RSS values altogether. However, in this approach, the successful reception of radio messages from an anchor indicates whether the node is connected to that particular anchor or not (i.e., whether the node is close to the anchor in space). Subsequently, some connectivity-based algorithms like Centroid [4] , APIT [5] , etc. are applied for location estimation. Range-free schemes find more applicability in ad-hoc networks comprising of inexpensive nodes despite giving coarser accuracy. This is due to the fact that range-based schemes require complex hardware (e.g., directional antennae) in order to be accurate.
We aim to provide location as an add-on service for the wireless ad-hoc network that requires minimum or no modification at the node's protocol. The commercially accessible 802.11 (Wi-Fi) network interface cards (NICs) do not provide the RSS readings directly. Instead, a typical NIC only provides the Received Signal Strength Indicator (RSSI) parameter, in the form of an 8-bit unsigned integer which is intended for internal use by the NIC, e.g., to determine whether the channel is clear to send, or to decide whether it should attempt to roam. The 802.11 standard does not mandate how RSSI should be calculated from the sampled RSS. As a result, different vendors tend to have their own formulas or conversion tables for the mapping from RSS to RSSI, and vice versa [6] . Moreover, some NICs do not report RSS in user space of the operating system. The popular ad-hoc routing protocols (e.g., DSR [7] , DSDV [8], OLSR [9], AODV [10], etc.) also do not make RSS available through their APIs. In order to integrate these protocols with location information, one has to make link layer system calls for retrieving the RSS values which may incur significant overhead for the protocol running on inexpensive sensors. Since we require a localization solution that could be transparently run over the various types of devices or sensors with little or no intervention, RSS option seems not too attractive.
The ad-hoc routing protocols may use some link quality metrics in order to discover efficient path. These metrics can easily be indicative of the connectivity of the node to its neighbors for the range-free algorithms of localization discussed previously. The better the link quality, the more connected the node is to its neighbor. Expected Transmission Count (ETX) is one such link quality indication parameter. ETX metric was first proposed in [11] to model the expected number of transmissions required to send a unicast packet over a link, including retransmissions. It is calculated by taking into account the successfully transmitted and received packets between a node and its neighbor within a certain time period. In this paper, we propose a positioning system for ad-hoc networks based on ETX. We analytically show ETX to be indicative of a node's connectivity or proximity to the anchors, and thereby, argue that it could be used to estimate its location. We also implement a localization plugin for the popular ad-hoc routing protocol, OLSR, based on ETX, and conduct experiments. Our experiments show favorable results which strengthen our claim that, ETX could be used as a location estimation parameter similar to RSS. We choose ETX as a location estimation parameter for ad-hoc networks for the following reasons: i) it is readily available as an extension to the popular ad-hoc routing protocols, e.g., DSR, DSDV, OLSR, etc [11, 9] , ii) it is an efficient proximity indication metric which will be elaborately discussed
